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SECTION  A.O 
EXECUTIVE  SUMMARY 

A.l  INTRODUCTION  OF  PROJECT 

This  Executive  Summary  outlines  the  results  of  all  work  for  the 
Energy  Engineering  Analysis  Program  (EEAP),  Fulda  Military  Community, 
Germany.  This  work  was  authorized  under  contract  number  DACA  90-82-C- 
0204  with  the  U.S.  Army  Corps  of  Engineers,  Europe  Division,  Frankfurt 
A/M,  Germany. 

The  primary  purpose  of  the  Energy  Engineering  Analysis  Program  was 
to  develop  Energy  Conservation  Investment  Program  (ECIP)  projects  that 
comply  with  the  objectives  set  forth  in  the  Army  Facilities  Energy  Plan. 

The  work  was  performed  in  three  phases:  Phase  I  consisted  of  data 
gathering  and  inspection  of  facilities  culminating  in  a  data  report; 
Phase  II  included  energy  data  analysis,  evaluation  of  the  technical  and 
economic  feasibility  of  energy  conservation  opportunities,  and  comple¬ 
tion  of  the  front  pages  of  DD  Forms  1391;  Phase  III  included  preparation 
and  completion  of  DD  Forms  1391,  including  detailed  justifications  and 
project  development  brochures  (PDB-I's). 

The  following  increments  of  work  were  authorized  in  the  scope  of 
services: 

•  Increment  A:  Buildings  and  processes 

•  Increment  B:  Utilities  and  energy  distribution  systems.  Energy 
Monitoring  and  Control  Systems  (EMCS),  and  use  of  waste  fuels  in 
existing  energy  plants. 

•  Increment  F:  Facilities  Engineer  funding  authority  energy  con¬ 
servation  projects. 
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*  Increment  G:  Energy  conservation  projects  found  viable  but  that 
do  not  meet  ECIP  criteria. 


A. 2  EXISTING  ENERGY  SITUATION 


A. 2.1  Baseline  FY75  Energy  Consumption 

Total  USMC  Fulda 

energy  consumption  by 

source  for 

FY75  has  been 

reported  as  follows: 

Electricity 

136,847 

X  10^  BTU 

Coal 

143,420 

X  10^  BTU 

No.  2  Fuel  Oil 

185,716 

X  10®  BTU 

Natural  Gas 

7,038 

X  10®  BTU 

Liquid  Propane 

Gas 

3,762 

X  10®  BTU 

TOTAL 

476,783 

X  10®  BTU 

A. 2. 2  Present  Annual 

Energy  Consumption 

Total  energy  consumption  at  USMC  Fulda 

in  FY82  of 

non-transporta- 

tion  energy  sources  was  552,642  million  BTU. 

A  breakdown 

in  FY82  energy 

consumption  and  cost  by  source  is  shown  in  the 

following  table: 

ENERGY  SOURCE 

QUANTITY 

AVERAGE  COST/MBTU-/ 
MBTU  DOLLARS  (DM  2.40=$1) 

Natural  Gas 

752,750  Cubic  Meters 

28,709 

5.34 

Liquid  Propane  Gas 

95,960  Gallons 

9,306 

7.52 

No.  2  Fuel  Oil 

1,429,000  Gallons 

195,180 

10.02 

Coal,  Bituminous 

1,430  Metric  Tons 

41,110 

3.49 

Coal,  Anthracite 

3,314  Metric  Tons 

98,460 

6.28 

Electricity 

15,507  MWH 

179,877 

5.71 

— '^FY82,  4th  quarter 


The  relative  consumption  by  energy  source  is  shown  graphically  in 
Figure  A-1. 

The  breakdown  in  source  energy  consumption  for  FY82  by  GY  area  is 
shown  in  Table  A-1. 


A.2.3  Energy  Consumption  by  End  Use  and  Building  Function 

The  breakdown  in  source  energy  consumption  by  end  use  is  shown  in 
Table  A-2.  The  breakdown  in  source  energy  consumption  facility  function 
is  shov/n  in  Table  A-3.  The  relative  consumption  by  energy  use  and 
facility  function  is  shown  graphically  in  Figure  A-2. 


A. 2. 4  Typical  Building  Energy  Consumption 

A  breakdown  in  estimated  FY82  energy  consumption  by  end  use 
(lighting,  space  heating,  domestic  hot  water  heating  and  process  loads) 
for  typical  buildings  representative  of  all  facilities  at  USMC  Fulda  is 
shown  in  Table  A-11. 


A. 3.  ENERGY  CONSERVATION  OPPORTUNITIES  DEVELOPED 


A. 3.1  Energy  Conservation  Opportunities  Investigated 

A  summary  of  all  potential  energy  conservation  opportunities 
(ECO's)  considered  for  implementation  at  USMC  Fulda  is  presented  in 
Table  A-4.  A  matrix  of  reasons  for  eliminating  certain  ECO's  from 
further  consideration  is  included  in  Table  A-4. 
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A. 3. 2  ECIP  Projects  Developed 

During  the  Phase  II  effort,  documentation  was  developed  for  twenty- 
five  EDO's,  including  many  that  did  not  meet  the  ECIP  $200,000  funding 
minimum.  A  set  of  project  combinations  to  attain  the  ECIP  funding  mini¬ 
mum  were  proposed  and  accepted  at  the  Phase  II  presentation  at  USMC 

Fulda.  The  following  paragraphs  describe  these  recommended  ECIP  project 
combinations. 

!•  ECIP:  Heating  Plant  Piping  Insulation  and  Waste  Heat  Recovery 

includes  the  following  retrofit  measures: 

a.  Repair  leaks  and  replace  insulation  in  central  plant  distribu¬ 
tion  piping. 

b.  Install  and  repair  insulation  within  heating  plants  on 

boilers,  vessels,  and  tanks. 

c.  Install  boiler  flue  gas-combustion  air  preheater. 

d.  Install  continuous  boiler  blow-down  controls  with  waste  heat 

recovery. 

e.  Install  oxygen  trim  boiler  combustion  controls. 

2-  ECIP:  Boiler  Plant  Upgrade  for  Family  Housing  include  the  follow¬ 
ing  measures: 

a.  Install  and  repair  insulation  within  heating  plants  on 

boilers,  vessels,  tanks,  and  piping. 

b.  Replace  existing  hand-stoked  boilers  with  automatic  feed 

boilers  in  Downs  Family  Housing  Area,  GY733. 

c.  Isolate  off-line  boilers. 

3.  ECIP:  Domestic  Hot  Water  Heating  Energy  Conservation  includes  the 
following  measures: 

a.  Install  flow  restriction  devices  on  faucets  and  shower  heads. 


b.  Reduce  domestic  hot  water  temperatures. 

c.  Curtail  availability  of  domestic  hot  water  with  time  scheduled 
control . 

d.  Install  hot  drain  heat  exchangers  in  laundries  and  kitchens. 

e.  Provide  waste  heat  recovery  from  laundry  dryers  with  rotary 
wheel  type  heat  exchangers. 

4.  ECIP;  Building  Heating  Controls  Upgrade  includes  the  following 
measures: 

a.  Install  night  and  weekend  temperature  setback  controls  and 
thermostatic  radiator  control  valves. 

b.  Install  outside  air  temperature  reset  of  heating  hot  water 
supply. 

c.  Provide  separate  source  of  make-up  air  for  kitchen  exhaust 
hoods . 

d.  Install  unit  heater  economizers  in  Building  7211. 

5.  ECIP:  Weatherize  MCA  Facilities  includes  the  following  measures: 

a.  Weatherstrip  and  caulk  doors  and  windows. 

b.  Install  roof  insulation. 

c.  Replace  single  pane  windows  with  dual  glazed  windows. 

A. 3. 3  Other  Energy  Conservation  Projects  Developed 

All  Increment  F  projects  identified  during  Phase  II  have  been  com¬ 
bined  into  ECIP  projects,  except  those  Increment  F  combinations  that 
fall  below  the  $200,000  minimum  funding  requirement.  No  projects  devel¬ 
oped  in  this  study  fall  into  the  Increment  G  category.  Recommended 
energy  conservation  projects  that  fall  within  the  $200,000  funding 
authority  of  the  Facilities  Engineer  are  summarized  in  Table  A-5. 


Complete  programming  documentation  also  was  prepared  for  the 
following  project  combinations  that  did  not  meet  the  minimum  level  for 
ECIP  funding: 

1-  Building  Heating  Controls  Updrade  for  Family  Housing  includes 

the  following  measures: 

a.  Install  night  temperature  setback  controls  and  thermo¬ 

static  radiator  control  valves. 

b.  Install  outside  air  temperature  reset  of  heating  hot  water 
supply. 

2*  Domestic  Hot  Water  Heating  Energy  Conservation  for  Family 

Housing  includes  the  following  measures: 

a.  Install  flow  restricting  shower  heads  and  lavatory 

fixtures. 

b.  Reduce  domestic  hot  water  temperature  settings. 

c.  Curtail  availability  of  domestic  hot  water  with  time 
scheduled  control . 

3.  Lighting  System  Improvements  includes  the  following  measures: 

a.  Replace  incandescent  fixtures  with  energy-saving  fluores¬ 
cent  fixtures. 

b.  Install  time  switch  control  of  lighting  panels. 

4-  Weather ize  Family  Housing  Facilities  includes  the  following 

measure: 

a.  Install  roof  or  ceiling  insulation. 


A.3.4  Recommended  Policy  and  Operations  Changes 

The  following  policy  changes  and  new  policies  are  recommended  for 
implementation  by  the  military  community: 

•  Laundry  Dryer  Usage:  Laundry  dryers  in  family  housing 

dwellings  are  electric  clothes  dryers.  A  considerable  elec¬ 
tric  demand  charge  reduction  could  be  realized  if  these  dryers 
were  not  used  during  peak  demand  periods.  It  is  recommended 
that  a  directive  be  prepared  by  appropriate  authority  pro¬ 

hibiting  their  usage  during  these  periods. 

•  Barracks  Lighting  During  Non-Occupied  Periods:  Field  investi¬ 

gations  for  this  study  indicate  that  many  lights  in  unoccupied 
rooms  were  left  on.  It  is  recommended  that  a  directive  be 
prepared  by  appropriate  authority  to  require  that  lighting 
circuits  be  turned  off  at  panelboards  for  each  section  of 

barracks  buildings  during  schedules  times  of  non-occupancy. 
(Exceptions  should  be  allov/ed  for  personnel  that  must  remain 
in  their  rooms  for  authorized  reasons). 

The  following  changes  in  standard  operating  procedures  are 

recommended  for  implementation  by  the  military  community: 

•  Turning  off  Services  to  Barracks  During  Field  Rotations:  It 
is  recommended  that  all  utility  services,  including  lighting, 
electrical  and  heating,  be  turned  off  in  sections  of  barracks 
buildings  normally  occupied  by  a  company  that  is  assigned  to 
field  training  or  BOP  service.  Personnel  left  behind  for 
authorized  reasons  should  be  temporarily  assigned  to  another 
room  in  an  (currently)  occupied  section  of  the  barracks  during 
these  periods.  (Heating  systems  should  be  maintained  at  a  low 


level  of  heating  during  freezing  weather  to  prevent  freezing 
of  pipes,  etc.) 

•  Group  Relamping:  It  is  recommended  that  a  group  relamping 

program  with  relamping  targeted  for  70  percent  of  rated  lamp 
life  be  initiated.  (See  Section  11.0  for  details.) 

•  Boiler  Plant  Operations;  No  revisions  to  present  boiler  oper¬ 
ations  are  recommended.  Considering  the  age  and  condition  of 
many  boiler  plants  within  the  community  operations  procedures 
currently  in  effect  provide  near-optimal  service. 

The  following  suggestion  concerns  an  issue  outside  the  authority  of 
the  military  community:  Coal  shipped  from  the  United  States  comes  to 
Europed  with  a  relatively  high  content  of  inert  material.  The  quality 
of  this  coal  is  considerably  below  that  normally  available  in  the  United 
States.  The  command  should  consider: 

•  Revising  the  specification  for  this  coal,  or 

»  Providing  a  central  cleaning  facility  at  a  transshipment  point 
either  in  the  United  States  or  in  Europe,  or 

•  Allowing  local  domestic  (foreign)  suppliers  to  submit 
competitive  bids  for  supplying  coal. 

A. 4  ENERGY  AND  COST  SAVINGS 

A. 4.1  Energy  Consumption  Forecast  After  Total  Project  Implementation 

Monthly  energy  use  profiles  for  FY82  and  projected  after  implemen¬ 
tation  of  all  recommended  projects  are  shown  graphically  in  Figure  A-3. 
Projected  energy  consumption  by  end  use  with  conservation  measures 
implemented  is  summarized  in  Table  A-6.  Projected  energy  consumption  by 
facility  function  with  conservation  measures  implemented  is  summarized 


in  Table  A-7.  These  projections  represent  the  levels  below  which  the 
military  community  realistically  could  not  be  expected  to  function. 

A. 4. 2  Projected  Utility  Costs 

Projected  utility  costs  for  USMC  Fulda  are  summarized  in  Table  A-8. 

A. 4. 3  Schedule  of  ECIP  Projects 

A  summary  of  ECIP  project  data  for  USMC  Fulda  is  provided  in 
Table  A-9. 

A. 5  SUMMARY  AND  CONCLUSIONS 

This  HEAP  study  for  USMC  Fulda  has  provided  the  following  data  and 
deliverables  for  use  by  the  community  in  preparing  its  energy  conserva¬ 
tion  plan  and  attaining  its  energy  conservation  goals: 

•  Historical  energy  consumption  of  all  USMC  Fulda  6Y  areas. 

•  Energy  consumption  by  each  facility  function  and  end  use. 

•  Energy  simulations  of  12  typical  buildings  using  the  B.L.A.S.T. 
computer  program. 

•  Documentation  for  ECO's  that  should  not  be  accomplished  because 
of  insufficient  economics. 

•  Complete  DD  Forms  1391  and  PDB-l's  for  five  ECIP  projects  total¬ 
ing  $3,049,300  in  construction  cost. 

®  Complete  DD  Forms  1391  and  PDB-l's  for  four  Increment  F  projects 
totaling  $478,600  in  construction  cost. 


Implementation  of  all  energy  conservation  projects  recommended  in 
this  EEAP  Study  as  well  as  retrofits  recently  accomplished  by  the  com¬ 
munity  would  result  in  an  overall  energy  savings  of  46  percent!/  from 
FY75  consumption  (see  Table  A-10).  This  amount  exceeds  the  savings  goal 
for  FY85  of  20  percent. 


!/Per  square  feet  of  active  facilities. 


FACILITIES  ENERGY  CONSUMPTION  BY  SOURCE 
USMC  FULDA 


a.  FY  82  FACILITIES  ENERGY  CONSUMPTION 

(ELECTRICITY  CONVERTED  USING  11,600  BTU/KWH) 


ELECTRICITY 


3% 


2% 


NATURAL  GAS 
(10,101x10°  BTU) 


LIQUID  PROPANE  GAS 
(6270x106  btU) 


b.  FY  82  FACILITIES  ENERGY  CONSUMPTION 

(ELECTRICITY  CONVERTED  USING  3,413  BTU/KWH) 


FIGURE  A-1 
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FY82  ENERGY  CONSUMPTION  BY 
FACILITY  FUNCTION  AND  END-USE;  USMC  FULDA 


HEATING  <58.67J 


FY82  ENERGY  CONSUMPTION  BY  END-USE 


FIGURE  A-2 
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ENERGY  USE  IN  MILLION  BTU’S 
(Thousands) 


summary:  monthly  energy  use  profiles 

FOR  FY82  AND  PROJECTED  ENERGY  CONSUMPTION 


(COLUMN  1  =FYS2, COLUMN  2=PROJECTED) 


MONTH 

17^  NO  2  FO  r\\]  COAL  '?777X  ELEC 


^  NG  KEl  LPG 


FIGURE  A-3 


A-T^ 


TABLE  A-1 
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SUMMARY  OF  FY82  ENERGY  CONSUMPTION  BY  END  USE:  USMC  FULDA-' 


TABLE  A-2 


TOTAL  ENERGY  USAGE  FY82  139,570  177,740  10,102  6,270  176,920  510,601 


SUMMARY  OF  ECO  EVALUATIONS  FOR  USMC  FULDA 


TABLE  A-4 
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y  Denotes  that  ECO  is  included  as  part  of  an  ECIP  project. 


SUMMARY  OF  ECO  EVALUATIONS  FOR  USMC  FULDA 
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SUMMARY  OF  FACILITIES  ENGINEER  PROJECT  DATA  FOR  USMC  FULDA 
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CIRCUIT  TIMERS 


SUMMARY  ENERGY  CONSUMPTION  BY  END  USE  WITH 
CONSERVATION  PROJECTS  IMPLEMENTED:  USMC  FULDaI' 
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SUMMARY  ENERGY  CONSUMPTION  BY  FACILITY  FUNCTION 
WITH  CONSERVATION  MEASURES  IMPLEMENTED:  USMC  FULDaI' 
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PROJECTED  UTILITY  COSTS  -  USMC  FULDA 


AVERAGE  COST/MBTU  IN  DOLLARS  (DM  2. 

O 

o 

II 

o 

OUUI\w1^ 

ACTUAL 

FY82 

PROJECTED 

FY85 

PROJECTED 

FY90 

PROJECTED 

FY95 

Natural  Gas 

5.34 

6.82 

7.33 

8.33 

Liquid  Propane  Gas 

7.52 

9.61 

10.33 

11.73 

No.  2  Fuel  Oil 

10.02 

10.77 

12.83 

16.82 

Coal 

5.14-/ 

i 

6.14 

j 

6.70 

6.90 

Electricity 

5.71 

6.66 

6.97 

6.89 

ENERGY  CONVERSIONS: 

Electricity .  11  ,600  Btu/kWh 

Anthracite  Coal  (Stove  &  Nut).  .  28.50  x  10®  Btu/metric  ton 
Bituminous  (High  Vol )  Coal  .  .  .  28.75  x  10®  Btu/metric  ton 

No.  2  Fuel  Oil .  136,582  Btu/gallon 

Natural  Gas  . .  3,413  Btu/kWh  (11,207  kWh/m^) 

Liquid  Propane  Gas  .  95,000  Btu/gallon  (4.43  Ibs/gallon) 


y  Based  on  DOE  mid-term  energy  forecasts  (commercial  sector)  for 
average  of  U.S.  prices,  exclusive  of  general  inflation. 
y  Consumption-weighted  average  of  all  coal  types. 
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SUMMARY  OF  ECIP  PROJECT  DATA  FOR  USMC  FULDA 


PROJECT  TITLE 

ENERGY 

SAVINGS 
(106  BTU/YEAR) 

ANNUAL 

COST  SAVINGS 
(DOLLARS) 

TOTAL  REQUEST 

FY  87 
($1,000) 

SAVINGS-TO- 

INVESTMENT 

RATIO 

REFERENCE 
SECTION 
(VOL.  1) 

ECIP: 

DOMESTIC  HOT  WATER 
HEATING  ENERGY 
CONVERSATION 

32,282 

216,492 

265.2 

12.28 

10.3.3 

ECIP: 

HEATING  PLANT 

PIPING  INSULATION 

AND  WASTE  HEAT 

RECOVERY 

54,355 

489,571 

681.9 

11.12 

10.3.1 

ECIP: 

BUILDING  HEATING 

CONTROLS  UPGRADE 

31,288 

265,257 

494.7 

8.47 

10.3.4 

ECIP: 

WEATHERIZE  MCA 

FACILITIES 

15,097 

140,206 

651.1 

3.27 

10.3.5 

ECIP: 

BOILER  PLANT 

UPGRADE  FOR 

FAMILY  HOUSING 

21,248 

99,830 

956.4 

2.17 

10.3.2 
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SUMMARY  OF  FACILITIES  ENERGY  CONSUMPTION  -  USMC  FULDA-/ 


PARAMETER 

FY75^/ 

FY80 

FY81 

FY82 

FY85 

Total  Energy  Usage  (10^  BTU)-/ 

476,800 

523,981 

546,646 

552,601 

337,215 

Active  Facility  Area  (10^  SF) 

2,465 

2,885 

2,804 

3,026 

3,265 

Energy  Use/SF  ( 10^  BTU/SF) 

193 

1 

182 

195 

183 

103.3 

4  / 

Pey'cent  Increase  (Decrease)- 

1 

(5.7) 

1.0 

(5.2) 

(46.5) 

1/  Includes  estimates  of  energy  savings  from  facility  funded  projects  and 
those  recommended  in  this  document  plus  planned  new  construction. 
y  Includes  leased  housing,  since  breakdown  not  available. 
y  Represents  actual  consumption  converted  to  BTU's  using  the  ECIP  Guidance. 
y  Percent  increase  (decrease)  based  on  FY75  value  and  usages  per  square  foot. 
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TYPICAL  BUILDING  ENERGY  CONSUMPTION 
USMC  FULDA 
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